Chapter 8 Basic RL and RC Circuits

_ Fig. 8.1 A series RL circuit for which i(t) is to be determined...
_ Fig. 8.6 A plot of the exponential response versus time..

User Note: _ Fig. 8.11 A parallel RC circuit for which v(t) is to be determined...
Run View Show _ Fig. 8.21 (a) A voltage-step function is shown as the source...
under the Slide B Fig. 8.19 (and Fig. 8.20) Two versions of the unit-step function...
Show menu to

enable slide _ Fig. 8.23 A useful forcing function, the rectangular voltage pulse.
selection. B Figs. 8.29 (and 8.30) Circuit from Example 8.4.

_ Fig. 8.31 (and 8.32) Circuit from Example 8.5..
_ Fig. 8.34 Circuit for Example 8.6.

Engineering Circuit Analysis Sixth Edition
W.H. Hayt, Jr., J.E. Kemmerly, S.M. Durbin
Copyright © 2002 McGraw-Hill, Inc. All Rights Reserved.



MENU

" " A series RL circuit for which i(t)

UR R L vp is to be determined, subject to
the initial condition that i(0) = |,,.

KVL: Ri(t)+ L%(i(r)) =0

I st-order, linear, constant-coefficient, ordinary, homogeneous

differential equation. The solution form is i(t) = Ae”.
RA + LAde" =0= R+ AL=0=A=-R/L=i(t)= de ™"
To find A we need a boundary condition. The most common boundary
condition 1s i(O) =1,. Then
[ =4= i(t) =] e ™"

0
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A plot of the exponential response versus time.

i(t) = Ioe_R”L = Ioe_”f where t=L/R
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+ A parallel RC circuit for which
v(t) is to be determined,
4 subject to the initial condition
C =~ v R

that v(0) = V,,

Aell‘

KCL: c%(v(t))+@=o , v(t)= Ae” = CAde™ +

CA+1/R=0=>A=-1/RC=v(t)=de™"*
If V(O): V., then V(t)z Ve =V e where T=RC.

0
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f=0.23 f:OZS
= General E ; General General
Su(t-0.2) V C_> network network sy network
5V

(a) (b) (c)

(a) A voltage-step forcing function is shown as the source driving a
general network. (b) A simple circuit which, although not the exact

equivalent of part (a), may be used as its equivalent in many cases.
(c) An exact equivalent of part (a).
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M(f— fo)

I\

1= The unit-step forcing
function u(t - t,).
> |

0 Iy
u(t)

A
1 The unit-step forcing

function u(i).
> 1
0
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The rectangular pulse

function

v(t—t,) =

0 t<t,
V, t, <t<t,
0 t >t
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Driven RL Circuit

R 1Y

Vu (2) L

Ri(r)+ L (i(1)=7,u(:)

Solution form is i(t)= Ae"*+1,, t>0 where I, =i(co).

t=L/R ,1,=V./R=i(t)=d4e™" +V /R

i(0)=i(0")=0=4+V,/R= A=-V,/R
i(t)=(v,/R)(1-e"") . 1>0



Driven RC Circuit

+

(1) C‘) R v(t) ~C

ﬂwdi(v(f)):]su(f)

R t
Solution form 1s V(t) = Ae” """ + Vf , t>0 where Vf = V(oo).
T=RC , Vf =Rl = V(t) = Ae "R ¢ RI

v(0")=v(0")=0=4+RI = A=—RI,
(t)=RI(1=¢") , t>0

<
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Circuit for which a
complete response i(t) is
desired.

The desired current
response as a function of
time.
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(a) Pulse waveform; (b) Circuit driven by waveform (a); (c) T = t,/2; (d) t = 2t,,.
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Find the capacitor voltage v.(f) and the current i(f) in the 200-Q

resistor of the circuit shown in (a).

gOX

120V_ SOV_

- 1(1‘)
— sogg 0.05F =< vc(®) 100 60 () song 50 mF =
200 Q
- . 200 Q §

— 2',’(~

(b)

120 V —=
50\/?_ lr([)
(a)

=0

6()Q§
. 200s1§ 50 Q)

50V —

B -T- .'(l)l

50 mF =

= Vc

(c)

(a) Original circuit; (b) circuit valid for £ < 0; (c) circuit for t > 0.
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